Background Modularity of the femoral head-neck junction provides increased intraoperative flexibility to the surgeon. Complications of this modularity include damage to the trunnion, with subsequent bone and/or soft tissue loss from adverse reactions to metal debris. Case Description We describe two cases of severe metalinduced osteolysis and soft tissue damage requiring revision 10 and 13 years following implantation of a unipolar endoprosthesis. Damage to the trunnion resulted in severe acetabular and trochanteric osteolysis and soft tissue loss requiring complex revision surgery. Literature Review Several reports have shown the trunnion, the head-neck interface, and the neck-stem couple as the causes of this early failure secondary to metal ion release from mechanical fretting corrosion or from crevice corrosion at these modular interfaces. These reports have been in association with a total hip prosthesis rather than a unipolar endoprosthesis. Revision of a unipolar endoprosthesis is most commonly attributable to stem loosening or acetabular erosion from the large femoral head articulating on the host acetabular cartilage and not owing to failure of the trunnion. Purposes and Clinical Relevance Trunnion damage resulting in a severe reaction to metal debris with acetabular osteolysis, erosion of the greater trochanter, and loss of the abductor mechanism can occur years after implantation of a cementless unipolar endoprosthesis. This raises questions regarding long-term safety of the modular interface of a contemporary cementless stem and a large-diameter unipolar head. We recommend long-term followup of patients with a unipolar endoprosthesis as early recognition and treatment are required to avoid a potentially complex revision.
Introduction
Modularity of the femoral head-neck junction allows the surgeon the flexibility to alter head size, leg length, and femoral offset during hip arthroplasty. Complications of this modular junction include fretting [6-8, 12, 16, 23] , crevice corrosion [6-8, 12, 13, 16, 23] , and fracture of the trunnion [2, 4, 13, 15, 19, 28] . The most common reason for revision of a unipolar endoprosthesis is stem loosening [1, 10, 27] or acetabular erosion from the large femoral head articulating on the host acetabular cartilage and not from complications of the trunnion [10, 17, 24, 26, 27] . Recent reports of large diameter heads in metal-on-metal THA have shown increased rates of trunnion corrosion [3, 11, 20] , increased serum metal ion levels [3, 11, 20, 21] , Each author certifies that he or she, or a member of his or her immediate family, has no funding or commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research editors and board members are on file with the publication and can be viewed on request. Each author certifies that his or her institution approved the reporting of this case report, that all investigations were conducted in conformity with ethical principles of research, and that informed consent for participation in the study was obtained. and soft tissue damage from adverse reactions to metal debris (ARMD) [3, 20, 21] . In these implants a trunnion would not be the only potential source of debris. We present two cases of severe metal-induced osteolysis and soft tissue damage requiring revision, 10 and 13 years after implantation of a unipolar endoprosthesis to treat a subcapital hip fracture in which the only source of debris could have been the trunnion.
Case Reports
A 67-year-old man with a BMI of 24.7 kg/m 2 presented with acute onset of pain, inability to bear weight, and shortening of his left leg after getting up from a seated position. Before presentation he had no symptoms. Ten years previously the patient had undergone an uncomplicated implantation of a cementless endoprosthesis for a subcapital hip fracture nonunion. The endoprosthesis was a VerSys Fiber Metal Midcoat collared stem (Zimmer, Warsaw, IN, USA) made of titanium alloy (Ti-6Al-4V) with a 12/14 taper modular head-neck junction having no intervening taper adapter and a 52 mm + 10.5 mm Co-Cr-Mo unipolar femoral head (Fig. 1A) .
The radiographs showed the prosthetic femoral head was located in the acetabulum, but the stem had dissociated from the head and was dislocated superiorly and posteriorly ( Fig. 1B ). There was marked erosion of the acetabulum with superior migration of the femoral head and severe osteolysis of the greater trochanter. The trunnion was grossly deformed with notching of its inferior aspect and bulging of its superior aspect. No preoperative metal ion serum levels were obtained.
At the time of revision, the external rotators, capsule, and greater trochanter were stained black, the greater trochanter was eroded with all but the most anterior fibers of the abductors detached from their insertion, and the joint was filled with a large quantity of black-stained fluid. The acetabulum was eroded superiorly and was black, whereas the proximal femur had black-stained soft tissue that had eroded the proximal 2 cm of the femur (Fig. 1C ). The stem's trunnion was severely damaged with extensive asymmetric metal loss and deformity ( Fig. 1C-D) . There was no gross burnishing or damage to the articulating surface of the prosthetic femoral head or explanted femoral stem. The pathologic analysis of the black stained soft tissues was consistent with ARMD ( Fig. 1E ). The ingrown stem was removed with an extended trochanteric osteotomy and a cementless revision was done. A constrained liner (Trilogy 1 Longevity; Zimmer) was needed owing to severe destruction of the abductors and their detachment from the eroded greater trochanter.
A 66-year-old man with a BMI of 21.5 kg/m 2 presented for routine followup 13 years after implantation of a right endoprosthesis to treat avascular necrosis that developed after hip pinning for a subcapital hip fracture. He had no pain but reported weakness in his leg and an increasing limp during the last year. On examination he had a positive Trendelenburg sign. The endoprosthesis was a Multilock Ti-6Al-4 V femoral stem (Zimmer) with an 11/13 taper modular head-neck junction, no intervening taper, and a 50 mm + 0 Co-Cr-Mo unipolar femoral head ( Fig. 2A) .
Radiographs revealed osteolysis of the greater trochanter and superior migration of the femoral head with no evidence of metal debris, similar to that seen in the previous case (Fig. 2B) . No preoperative metal ion serum levels were obtained.
At the revision surgery, the abductors were thinned and attenuated, detached from the underlying greater trochanter, but in continuity with the vastus lateralis thereby creating a muscular sleeve adjacent to the trochanter. The acetabulum had black staining throughout with substantial osteolysis and erosion, similar to that seen in the first case. Extensive black markings and deposits were visible at the trunnion and modular head interface and along the trunnion and the corresponding taper in the femoral head ( Fig. 2C ). There was no gross burnishing or damage to the articulating side of the prosthetic femoral head or the explanted femoral stem. The ingrown femoral stem was removed with an extended trochanteric osteotomy and a cementless revision was performed. The muscular sleeve of the abductors and vastus lateralis were reattached through drill holes to the underlying eroded greater trochanter using FiberWire (Arthrex, Naples, FL, USA) and the hip was constrained using a Trilogy 1 Longevity constrained liner (Zimmer). Intraoperative cultures were negative for infection and the pathologic analysis of the granulomatous tissues was consistent with ARMD.
Discussion
Failure of a unipolar endoprosthesis is most commonly the result of stem loosening or acetabular erosion from the large femoral head articulating on the host acetabular cartilage [1, 9, 17, 24, 26, 27] . Our two cases illustrate a new and potentially destructive long-term complication of the articulation between a large-diameter unipolar femoral head and a contemporary femoral stem. In both cases, the Morse taper was severely damaged with extensive black markings and deposits, indicative of corrosion. In the first case, the wear of the trunnion was so severe that the loss of the metal substrate was clearly visible. This loss of substance allowed the head to disengage from the stem. Severe metal debris and granulomas were present throughout both hips, resulting in acetabular bone loss and erosion of the greater trochanter.
This study had several limitations, the most notable being that metal ion levels and microscopic trunnion analysis were not available for these two cases. Regardless, the severe black staining of the bone and soft tissues clearly implicates the blackened and/or eroded neck trunnion as the etiology of the tissue destruction. Second, because this is a case report and not a review of all the unipolar endoprosthesis implantations performed at our institution, we do not know the incidence of this problem. We do not know if any other implants have failed in this manner and if patients have been treated elsewhere or have pending implant failures.
Based on the literature, we can only speculate regarding why there was such extensive wear of the trunnion and subsequent tissue destruction in these unipolar endoprostheses. In vitro and finite element studies have shown that fretting would occur from micromotion at the interface [14, 15, 22, 25] . Retrieval studies have documented corrosion of the headneck interface secondary to fretting [5, 16, 18, 23] . Such corrosion can be potentiated by crevice corrosion, or that which occurs in spaces to which access of the working fluid from the environment is limited [5-8, 12, 14, 16, 18, 23] . The combination of these processes potentially can cause a substantial release of metal ions and metal debris from these modular interfaces. The release of these ions and debris can result in severe biologic reactions such as the osteolysis and abductor erosion [9] . Increased offset reportedly causes higher degrees of corrosion. In a retrieval study, Brown et al. [5] reported that +5 and +10 mm neck extensions have higher degrees of corrosion than necks without an extension. They noted the highest corrosion occurred in the distal inferior (closer to stem neck interface) and proximal superior aspects of the femoral neck. In addition, Gilbert et al. [14] conducted an in vitro study changing head offset and concluded that when there was no offset, the micromotion behaved like a piston, whereas when the offset was 6 mm, there likely was pivoting, rotating, or rocking-like movement around the neck. These studies could explain some of the deformation seen on the trunnion of our first case that had a high-offset head. The back and forth rocking over multiple cycles and loads would likely result in flattening of the superior tip of the trunnion and notching wear on the inferodistal aspect. Increasing the lever arm, or head size and offset, theoretically would increase the torque generated. This increased torque could increase the rate of corrosion and deformation and lead to catastrophic failure faster than in smaller head sizes by increasing the rate and distance of the micromotion.
Our patients had a severe biologic reaction to metal debris with acetabular osteolysis, erosion of the greater trochanter, and loss of the abductor mechanism in active patients 10 and 13 years after implantation of a cementless unipolar endoprosthesis. Neither of these patients had an associated adapter nor skirted neck, which have been proposed as causes of increased corrosion and elevated metal ion levels [4, 11, 19] . This raises questions regarding long-term safety of the modular interface of a contemporary cementless stem and a large-diameter unipolar head. With damage of the trunnion and soft tissue damage from adverse reactions to metal debris in mind, we recommend long-term followup of patients with an endoprosthesis. Although some surgeons provide long-term followup for patients with THAs, they often are not as arduous in following patients with endoprostheses and our two patients emphasize the importance of doing so. Although postoperative erosion of the acetabulum is most commonly the result of wear of the cartilage and bone by the large metal unipolar head [10, 17, 24, 26, 27] , special attention should be directed to detect superior migration of the implant and erosion of the greater trochanter. These findings may herald the need for a complex revision with removal of a well-fixed stem and a constrained liner or dualmobility cup to deal with the abductor erosion, rather than just placement of an acetabular cup and a femoral head exchange. Early recognition and treatment are required to avoid a potentially complex revision because of bone and soft tissue destruction.
